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The Venereal Disease Research Laboratory (VDRL) test is a microflocculation test for syphilis that uses an
antigen containing cardiolipin, lecithin, and cholesterol. For more than 50 years, the preparation of natural
cardiolipin and lecithin for this test has been based on the Pangborn method which involves isolating and
purifying these components from beef hearts. This process is tedious and time-consuming and results in a
variable purity range. In our studies, we found that a VDRL antigen using synthetic tetramyristoyl cardiolipin
and synthetic 1-palmitoyl-2-oleoyl-sr-glycero-3-phosphocholine (lecithin) was as specific in detecting syphilis
as a VDRL antigen made with natural components. In 85% of the cases, we obtained an endpoint titer of 1/2
or 1 dilution more than a titer obtained with a VDRL antigen made with natural components. The use of these
pure synthetic compounds, with a purity of 99%, would offer advantages in the standardization and stability of
the VDRL antigen. Because this antigen is the basic ingredient in the preparation of nontreponemal reagents
such as the rapid plasma reagin, toluidine red unheated serum test, and the unheated serum reagin, the use
of this synthetic VDRL antigen should also increase the reactivity of these reagents.

The Venereal Disease Research Laboratory (VDRL) anti-
gen, suspended in a buffered saline solution, forms a flocculate
when combined with antilipoidal antibodies in serum or cere-
brospinal fluid (CSF) from persons with syphilis. The VDRL
test measures immunoglobulin G (IgG) and IgM antibodies to
lipoidal material released from damaged host cells as well as to
lipoprotein-like material and possibly cardiolipin released
from the treponemes (1, 9).

Natural cardiolipin was isolated from extracts of beef hearts
by Pangborn in 1941 (10). Natural lecithin is prepared from
beef hearts or egg yolks. The process of preparing and purify-
ing cardiolipin and lecithin by the Pangborn method has con-
tinued, despite being tedious, time-consuming, and very expen-
sive.

Natural cardiolipin is a phospholipid containing approxi-
mately 90% unsaturated linoleoyl fatty acid with four 18-car-
bon chains, each of which has two double bonds. The presence
of the double bonds in the fatty acid is conducive to oxidation
with reduced reactivity. Cardiolipin possesses a strong anti-
genic property. The serologic specificity of the antigen reacting
with syphilitic sera is attributed to two phosphate groups and
the B-hydroxyl group of the central glycerol moiety (3). Several
investigators have reported on the relationship between the
structure and serologic specificity of cardiolipin. The length of
the carbon chain of the fatty acids apparently is not of primary
importance. Faure and Coulon-Morelec (4) demonstrated that
the removal of one or two of the four fatty acids from the
phosphatides derived from cardiolipin did not have a detri-
mental effect, while the esterification of the free hydroxyl
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group of cardiolipin considerably decreased the activity of the
cardiolipin in the VDRL test.

Several researchers have sought to determine whether syn-
thetic cardiolipin and lecithin could replace the natural com-
ponents in the preparation of VDRL antigen (3, 5, 12, 13).
These experiments were designed to demonstrate the possibil-
ity of obtaining the same serologic reactions both qualitatively
and quantitatively with synthetic test antigen as with a refer-
ence antigen containing natural components. Their studies (3,
6, 13) showed that phosphatidylglycerophosphate, phosphati-
dylglycerol, phosphatidic acid, and diphosphatidylglycerol are
less reactive than natural cardiolipin. In a separate study, sev-
eral types of synthetic lecithin (L-a-distearoyl, dipalmitoyl, D-a-
dimyristoyl, DL-a-dimyristoyl, and L-a-dimyristoyl cephalin)
were produced and found to be serologically active to varying
degrees (12). The results of these tests showed that the VDRL
antigens prepared with these synthetic lecithins were signifi-
cantly less sensitive than were those prepared with equivalent
amounts of natural lecithin (12).

We conducted experiments to investigate the use of syn-
thetic compounds in the preparation of VDRL antigen. The
use of these pure synthetic compounds would offer advantages
in the standardization as well as stability of the antigen.

MATERIALS AND METHODS

Preparation of synthetic VDRL antigen. We obtained an ethanolic solution of
synthetic tetramyristoyl cardiolipin at a concentration of 6 mg/ml and another
ethanolic solution of synthetic 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(lecithin) at a concentration of 40 mg/ml from Avanti Polar Lipids, Inc. (Ala-
baster, Ala.). We also obtained cholesterol with a purity of 98% from the same
manufacturer.

The tetramyristoyl cardiolipin is synthesized from lipid precursors, purified by
silica gel chromatography, and tested for purity by thin-layer chromatography
and high-pressure liquid chromatography. The purity of the synthetic cardiolipin
is greater than 99%. The synthetic lecithin product is synthesized from 1-palmi-
toyl-2-hydroxy-sn-glycero-3-phosphocholine by acylation of the second position
with oleic acid. The purity of this product is greater than 99%. A synthetic VDRL
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antigen (patent pending) was made in an ethanolic solution containing 0.03%
tetramyristoyl cardiolipin, 0.14% 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocho-
line, lecithin, and 0.9% cholesterol. Components were added in the following
sequence: cardiolipin, lecithin, cholesterol, and ethanol to volume. Small
amounts of ethanol were used to rinse down the flask after the addition of each
component. The antigen was solubilized and stored at room temperature, for at
least overnight, before testing. A current lot of the Centers for Disease Control
and Prevention (CDC) reference VDRL antigen and a Becton Dickinson Mi-
crobiology Systems VDRL antigen (BDMS, Cockeysville, Md.), which were
made from natural components, were used as a reference in the test procedures.

Serum samples. Frozen banked serum samples reactive for the nontreponemal
tests as well as serum samples from documented cases of syphilis, diseases other
than syphilis (DOS), and biological false positives (BFP), defined as nontrepo-
nemal test reactive and treponemal test nonreactive, were evaluated by the
standard VDRL procedure (7) using both the synthetic and natural VDRL
antigens. Reactive samples were confirmed by the SERODIA Treponema palli-
dum particle agglutination test (TP-PA) (Fujirebio America, Inc., Fairfield,
N.J.). Nonreactive VDRL samples that were reactive with TP-PA were con-
firmed by the fluorescent treponemal antibody-absorption (FTA-ABS) test (5).
All sera reactive in the qualitative VDRL test were also run in the quantitative
test. We obtained 495 freshly drawn routine clinical specimens with no patient
identifiers from the sexually transmitted disease and clinical laboratories of the
Shelby Medical Center, in Alabaster, Ala.; the Jefferson County Health Depart-
ment in Birmingham, Ala.; the Georgia Department of Human Resources in
Atlanta; and the Federal University Hospital of Santa Catarina in Florianapolis,
Brazil. These specimens were tested by qualitative and quantitative VDRL tests
using the synthetic and natural VDRL antigens. Reactive specimens were con-
firmed by the TP-PA, FTA-ABS, or enzyme-linked immunosorbent assay for IgG
antibody (Wampole Labs, Cranbury, N.J.).

VDRL slide flocculation test. Freshly prepared emulsions of the synthetic and
natural VDRL antigens were prepared daily according to the standard VDRL
procedure (7). Serum samples were heat inactivated for 30 min at 56°C. In the
qualitative test, 50 pl of each serum sample was placed into corresponding
paraffin- or ceramic-ringed slides and a drop (17 pl) of each of the antigens was
placed in the corresponding ring of the slide. The slides were placed in a
mechanical rotator, rotated for 4 min at 180 rpm, and then read microscopically.
The degree of flocculation of the two antigens was observed and recorded. In the
quantitative test, serum samples were diluted twofold in a test tube with 0.9%
saline. Fifty microliters of each of the tube dilutions was transferred to the
corresponding rings of a ceramic- or paraffin-ringed slide, and a drop (17 pL) of
each of the antigens was placed in the corresponding ring of the slide. The slides
were again placed in a mechanical rotator and rotated for 4 min at 180 rpm. The
endpoint titer of each of the serum dilutions was read microscopically. One
doubling dilution difference was defined as an endpoint either reactive or weakly
reactive for one antigen and weakly reactive or negative for the other antigen.
One-half-dilution difference was defined as the difference among reactive strong,
reactive, or reactive minus and the difference among weak strong, weak, or weak
minus.

RESULTS

We found that synthetic tetramyristoyl cardiolipin, which
contains four carbon chains of saturated fatty acids but no
oxidation sites to reduce its reactivity, can be used as a substi-
tute for natural cardiolipin in the preparation of VDRL anti-
gen.

Of the several types of synthetic lecithin tested, we found
that the asymmetrical fatty acid lecithin 1-palmitoyl-2-oleoyl-
sn-glycero-3-phosphocholine, containing one saturated 16-car-
bon fatty acid and one unsaturated 18-carbon chain with one
double bond, could be substituted for natural lecithin.

The CDC VDRL antigen containing the synthetic cardio-
lipin and the synthetic lecithin was demonstrated to be more
reactive than a VDRL antigen made with natural components.
In the qualitative test, 100 frozen banked sera reactive by the
nontreponemal (RPR) test were tested for comparison using
the CDC synthetic VDRL antigen and CDC reference VDRL
antigen. All (100%) were reactive with CDC synthetic VDRL
antigen, and 88% were reactive with the CDC reference
VDRL antigen. One sample out of 100 was found nonreactive
with the confirmatory TP-PA but reactive with both VDRL
antigens (Table 1).

The 100 serum samples from documented syphilis cases
were used to compare the CDC synthetic VDRL antigen and
the BDMS reference VDRL antigen (Table 1). Of the nine
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TABLE 1. Comparison of frozen banked serum specimens from
persons with documented and undocumented cases of syphilis®

No. of serum samples

Syphilis Reactive with:
category Total Synthetic Natural VDRL o o
VDRL antigen antigen” :
Undocumented 100 100¢ 88¢ 99
Documented
Untreated
Primary 9 9 9 8
Secondary 20 20 20 20
Latent 6 5 5 6
Treated
Primary 15 12 11 13
Secondary 30 30 30 30
Latent 20 18 17 19
Total 200 194 180 195

“ All specimens were tested with CDC synthetic VDRL antigen. Undocu-
mented sera were tested using the CDC reference VDRL antigen; documented
sera were tested with BDMS VDRL antigen.

> Natural VDRL antigen was either CDC reference VDRL (undocumented
serum samples) or BDMS VDRL antigen (documented sera).

¢ One sample was reactive with both VDRL antigens but nonreactive with
TP-PA.

samples from persons with untreated primary syphilis, one was
nonreactive with TP-PA and FTA-ABS but reactive with both
VDRL antigens. One of the six latent untreated samples was
nonreactive with both antigens. Of the 15 samples from per-
sons with treated primary syphilis, 12 were reactive and 3 were
nonreactive with the CDC synthetic VDRL antigen and 11
were reactive and 4 were nonreactive with the BDMS VDRL
antigen. Of the 20 samples from latent treated cases, 3 were
nonreactive with the BDMS VDRL antigen and 2 were non-
reactive with the CDC synthetic VDRL antigen. However, one
of these samples that was reactive for both VDRL antigens was
nonreactive with TP-PA.

In the quantitative testing, 85% of the frozen banked sera
reactive in the RPR test had endpoint titers of 1/2 or 1 dilution
greater with CDC synthetic VDRL antigen than with the CDC
reference VDRL antigen. In 15% of the cases, the endpoint
titer obtained with the CDC synthetic VDRL antigen was
equal to that obtained with the CDC reference antigen. In no
sample tested was the endpoint titer greater with the CDC
reference antigen than with the CDC synthetic VDRL antigen
(Table 2).

In the quantitative test, the endpoint titer obtained with the
CDC synthetic VDRL antigen was found to be 1/2 or 1 dilution
greater than that obtained with BDMS VDRL antigen in 84%
of the documented cases of syphilis. In 7% of the cases, the
endpoint titer of the two antigens was equal, while in 3% of the
cases the endpoint titer of the BDMS reference VDRL antigen
was 1/2 or 1 dilution greater than that of the CDC synthetic
VDRL antigen. All VDRL results on clinical specimens were
confirmed by the TP-PA test (Table 2).

When the 100 clinical specimens from patients with DOS
were tested qualitatively with CDC synthetic VDRL antigen
and the BDMS VDRL antigen, all samples were nonreactive
with both antigens. All of the specimens were also tested by
TP-PA. Four were reactive in the TP-PA but nonreactive in the
FTA-ABS test (Table 3).

The results of the CDC synthetic and the BDMS VDRL
antigen testing of serum samples from the 50 individuals orig-
inally classified as BFP (nontreponemal test reactive and
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TABLE 2. Comparison of titers 1/2 or 1 dilution greater in
endpoint of frozen banked sera from undocumented and
documented cases of syphilis, tested with CDC synthetic VDRL
antigen and with CDC and BDMS reference VDRL antigens

No. of specimens

. 8 With CDC
Syphilis With CI.)C With natural synthetic
category Total s)\,;l]tjh}g'}lc VDRL" and natural
. - antigen higher ~ VDRL antigen
antigen higher endpoints equal
Undocumented 100 85 0 15
Documented
Untreated
Primary 9° 3 2 4
Secondary 20 20 0 0
Latent 6¢ 4 0 1
Treated
Primary 154 10 0 2
Secondary 30 30 0 0
Latent 20¢ 17 1 0
Total 200 169 3 7

“ Natural VDRL antigen was either CDC reference VDRL (undocumented
serum samples) or BDMS VDRL antigen (documented sera).

® One sample was nonreactive with TP-PA but reactive with both VDRL
antigens.

¢ One sample was reactive with TP-PA but nonreactive with both VDRL
antigens.

4 One sample was reactive with TP-PA but nonreactive with both VDRL
antigens, and two samples were nonreactive with TP-PA and both VDRL anti-
gens.

¢ One sample was reactive with TP-PA but nonreactive with both VDRL
antigens, and one sample was nonreactive with TP-PA and both VDRL antigens.

treponemal test nonreactive) are given in Table 4. Four serum
samples that were originally misclassified as BFP were found
reactive with the CDC synthetic VDRL antigen, the TP-PA,
and the FTA-ABS. Three of these four samples were also
reactive with the BDMS VDRL antigen.

We tested 495 clinical specimens with no patient identifiers
with CDC synthetic VDRL antigen and the BDMS VDRL
antigen and used the TP-PA, the enzyme-linked immunosor-
bent assay for syphilis IgG antibody, or the FTA-ABS as con-
firmatory tests on reactive specimens. For the 38 serum sam-
ples that were reactive in one of the treponemal tests, all were
reactive with the CDC synthetic VDRL antigen and 36 were
reactive with the BDMS VDRL antigen. Of the 457 serum
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TABLE 4. Reactivity of 50 serum samples from cases of
documented BFP tested qualitatively with CDC
synthetic and BDMS VDRL antigen

No. of samples with result for antigen:

Reactivity of

sample TP-PA CDC synthetic BDMS VDRL
VDRL antigen antigen
Reactive 44 28 27
Nonreactive 46 22 23

“ Four of these samples were reactive in the TP-PA and FTA-ABS and with
the CDC synthetic VDRL antigen. Three of these four sera were reactive with
BDMS VDRL antigen, and one was nonreactive.

samples nonreactive in the treponemal test, 452 were nonre-
active with the CDC synthetic VDRL antigen and 450 were
nonreactive with BDMS VDRL antigen (Table 5).

DISCUSSION

For more than 50 years, the isolation and purification of
cardiolipin and lecithin derived from beef hearts have been the
method of choice for the preparation of natural VDRL antigen
for the diagnosis of syphilis. Although the development of
reliable synthetic substitutes has been the objective of several
studies, previous results have indicated that VDRL antigen
prepared with synthetic components is less reactive than that
made with natural components (3, 12, 13). We found that a
VDRL antigen made with synthetic tetramyristoyl cardiolipin
and synthetic lecithin (1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
phocholine) was more reactive than and as specific as the
VDRL antigen made from natural components. The purity of
the synthetic cardiolipin and lecithin is greater than 99% ver-
sus a variable purity range of 52 to 79% for cardiolipin, 80 to
91% for egg lecithin, and 60 to 86% for beef heart lecithin
derived by the Pangborn method (11). This increased purity
allows for an increase in reactivity without the usual corre-
sponding increase in nonspecificity and gives a more stable
product. Much of the instability of the natural components is
due to oxidation of both the impurities and the double bonds
in the carbon chains. Natural cardiolipin is a phospholipid
containing approximately 90% unsaturated linoleoyl fatty acid
with four 18-carbon chains, each of which has two double
bonds, while synthetic tetramyristoyl cardiolipin has four sat-
urated 14-carbon chains with no double bonds.

The synthetic VDRL antigen also tended to be more reac-

TABLE 3. Reactivity of CDC synthetic VDRL antigen and BDMS VDRL antigen with serum from patients with DOS and with no known
history of syphilis

No. of serum samples reactive (R) and nonreactive (N) with:

No. of CDC synthetic BDMS VDRL
Category of Sample specimens VDRLyantigen antigen TP-PA FTA-ABS
R N R N R N R N

Rheumatic fever 27 0 27 0 27 4 23 0 27
Coronary arterial disease 9 0 9 0 9 0 9 ND* ND
Hypertension 6 0 6 0 6 0 6 ND ND
Diabetes 4 0 4 0 4 0 4 ND ND
Parkinson’s disease 2 0 2 0 2 0 2 ND ND
Obesity 2 0 2 0 2 0 2 ND ND
Angina 2 0 2 0 2 0 2 ND ND
Miscellaneous category 48 0 48 0 48 0 48 ND ND
Total no. 100 0 100 0 100 4 96

“ ND, not determined.
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TABLE 5. Reactivity of 495 clinical specimens from sexually
transmitted disease clinics that were tested qualitatively with CDC
synthetic VDRL antigen and BDMS VDRL antigen”

No. of samples with result for antigen:

Test No.of CDC synthetlc VDRL BDMS VDRL antigen
and result Tests antigen
Reactive Nonreactive Reactive Nonreactive
Treponemal; 38 38 0 36 2
reactive
Nontreponemal; 457 5 452 7" 450
nonreactive

“ A treponemal test was run as the confirmatory test on reactive specimens.
® Five of these seven sera were also reactive with the CDC synthetic VDRL
antigen.

tive than the antigen made with natural components, with titers
being from 1/2 to 1 dilution higher in 85% of the frozen banked
serum samples tested and 84% of the documented cases of
primary, secondary, or latent syphilis.

In monitoring the efficacy of treatment, it is recommended
that serum samples be run with the same test and in the same
laboratory in which the first serum sample was tested (1).
When using the synthetic VDRL antigen, it is necessary to use
the same reagent to test the initial and follow-up samples. A
fourfold drop in titer using natural VDRL antigen is consid-
ered evidence of adequate treatment. In late latent syphilis,
nontreponemal antibodies may disappear even without treat-
ment.

We tested 50 serum samples that originally had been classi-
fied as BFP in the nontreponemal tests. Four of these samples
were reactive in the TP-PA; while these may be false positives,
it is more likely that they were misclassified when originally
documented. Results from qualitative VDRL testing on these
four serum samples ranged from reactive to weak with the
synthetic VDRL antigen and from reactive to nonreactive with
the reference antigen.

Studies are presently under way to test the synthetic VDRL
antigen in the VDRL-CSF test, the unheated serum reagin, the
RPR, and the toluidine red unheated serum test. The VDRL-
CSF test is the only test approved for testing spinal fluid for the
diagnosis of neurosyphilis. The currently used natural antigen
is only about 50% sensitive in the VDRL-CSF test, with a
range of 10% for asymptomatic cases to 90% for symptomatic
cases (8). Any increase in sensitivity would be an advantage
since neurosyphilis is difficult to diagnose. The VDRL-CSF
test is highly specific, so that a reactive test is diagnostic for
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neurosyphilis. The RPR is currently the most used nontrepo-
nemal test in the United States and one of the most sensitive
nontreponemal tests. Any increase in reactivity would offer the
chance to detect more cases of untreated syphilis.

Our VDRL antigen made with synthetic cardiolipin and
synthetic lecithin had a sensitivity similar to that of the com-
mercial VDRL antigen on testing of 645 samples including
those from persons with DOS, BFP, and routine samples from
clinical laboratories. Compared to the commercial VDRL an-
tigen, the synthetic antigen had a higher level of reactivity with
85% of the frozen banked samples tested and 84% with sam-
ples from documented cases of syphilis. Because VDRL anti-
gen is the basic ingredient in the preparation of unheated
serum reagin, RPR, and toluidine red unheated serum test
antigens, the increase in reactivity of the synthetic VDRL an-
tigen may also serve to improve the usefulness of these re-
agents in the detection of of nontreponemal antibodies in
persons with syphilis.
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